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CACHE MANAGEMENT METHOD, CACHE
CONTROLLER, AND COMPUTER SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application i1s a continuation of International
Application No. PCT/CN2016/070230 filed on Jan. 6, 2016,
the disclosure of which 1s hereby incorporated by reference
in its entirety.

TECHNICAL FIELD

[0002] The present disclosure relates to the communica-
tions field, and 1n particular, to a cache management method,
a cache controller, and a computer system.

BACKGROUND

[0003] A main idea of a cache technology 1s to place
frequently-used data from a storage medium (for example, a
disk) into a cache. Because a read/write speed of a cache 1s
much higher than that of a disk, access efliciency of an entire
system can be improved.

[0004] Generally, a cache has relatively good performance
but a limited capacity, and can cache only some accessed
data. It 1s necessary to try to hit, in the cache, a file related
to a read/write operation that 1s about to occur, so as to allow
better cache efliciency. There are two main aspects of cache
management: how to select data to be cached 1n a cache (that
1s, cache insertion) and how to select to-be-replaced cache
data (that 1s, cache replacement).

[0005] The prior art provides a cache management algo-
rithm that 1s based on a statistical count, to add one counter
for each cache line. The counter 1s used to count a quantity
ol access requests for accessing a cache line within a time
interval, that 1s, 1s used to collect statistics on an access
count of the cache line. In the prior art, two cache line
replacement algorithms are implemented based on an access
counter. In a first algorithm, a time interval 1s defined as a
time terval between two consecutive times of accessing a
cache line. After a value of the access counter exceeds a
threshold Athd, the cache line 1s used as a to-be-replaced
target. In a second algorithm, a time interval 1s defined as a
time interval starting from time when a cache line 1s added
to a cache to current time. Likewise, after the value of the
access counter exceeds a threshold LT, the cache line 1s used
as a to-be-replaced target.

[0006] In the prior art, if data that currently needs to be
read/written misses a cache line 1n a cache, a controller
extracts the data from a storage medium and uses the data as
a new cache line ready to put into the cache. In this case, 1f
a quantity of cache lines stored in the cache has reached an
upper limit, a cache line needs to be deleted from original
cache lines.

[0007] The controller traverses counters of all original
cache lines to learn a quantity of access requests of each
cache line or an access time interval of each cache line, so
as to select a cache line with a minimum quantity of access
requests or a longest access time interval, and delete the
cache line while putting a new cache line 1nto the cache.

[0008] Theretfore, 1n the prior art, in a cache line replace-
ment process, a controller needs to traverse all original cache
lines, and select a to-be-replaced cache line according to a
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calculation rule. Consequently, relatively large system over-
heads are caused, and cache line replacement efliciency 1s
aflected.

SUMMARY

[0009] Embodiments of the present disclosure provide a
cache management method, a cache controller, and a com-
puter system, to eflectively reduce system overheads of
cache line replacement, and improve cache line replacement
ciliciency.

[0010] A first aspect of the embodiments of the present
disclosure provides a cache management method applied to
a computer system. In this method, a cache controller
obtains an operation mnstruction sent by a CPU, the operation
instruction carries a destination address, and the destination
address 1s an address that 1s 1n a memory and that 1s to be
accessed by the CPU. In this case, 1f the cache controller
does not find, 1n any cache line cache line i a cache of the
computer system, a cache line that matches the destination
address, that 1s, the destination address misses a cache line,
and there 1s no 1dle cache line in the cache, the cache
controller selects a to-be-replaced cache line from a pre-
obtained replacement set for replacement. It should be noted
herein that the replacement set includes at least two cache
lines. The cache controller eliminates the selected to-be-
replaced cache line from the cache. Then, the cache con-
troller stores, 1in the cache, a cache line obtained from the
destination address, to complete cache line replacement.
[0011] In the prior art, each time the destination address
misses a cache line, the cache controller needs to traverse
cache lines to find a to-be-replaced cache line; however, 1n
the embodiments of the present disclosure, the cache con-
troller can directly select a to-be-replaced cache line from
the replacement set for replacement when the destination
address misses a cache line. This effectively reduces system
overheads of cache line replacement, and improves etl-
ci1ency.

[0012] In a possible design, before the cache controller
selects a to-be-replaced cache line from the replacement set,
the cache controller may pre-obtain an access Ifrequency
count of each cache line in the cache, and divide an access
frequency count range of a cache line into multiple access
frequency segments according to a preset division policy.
After determining, according to the access frequency count
of each cache line, an access frequency segment to which
cach cache line belongs, the cache controller may select,
from cache lines corresponding to the multiple access fre-
quency segments, a to-be-replaced cache line according to a
quantity M of to-be-replaced cache lines, to obtain the
replacement set, and M 1s an integer that 1s not less than 2.
[0013] Optionally, 1n the embodiments of the present
disclosure, istead of obtaining the multiple access fre-
quency segments by means of division, the cache controller
may directly select M to-be-replaced cache lines from cache
lines 1n the cache to obtain the replacement set.

[0014] In the embodiments of the present disclosure, the
cache controller divides the cache lines mto multiple seg-
ments. This facilitates to-be-replaced cache line selection
performed by the cache controller 1n unit of segment, and
avoids a need to compare access frequency counts of cache
lines on a large scale one by one during the to-be-replaced
cache line selection, thereby reducing work overheads.
[0015] In a possible design, the selecting, by the cache
controller from cache lines corresponding to the multiple
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access Irequency segments, a to-be-replaced cache line
according to a quantity M of to-be-replaced cache lines
includes: successively selecting, by the cache controller 1n
ascending order of access frequency count ranges corre-
sponding to the multiple access frequency segments, a cache
line that belongs to each access frequency segment until a
quantity of selected cache lines 1s equal to M.

[0016] In the embodiments of the present disclosure, a
smaller access frequency count of a cache line represents a
smaller quantity of times that the cache line 1s accessed, and
later time at which the cache line 1s last accessed. Therefore,
the cache line can be first replaced. The cache line succes-
sively selects, in ascending order of the access frequency
count ranges, the cache line that belongs to each access
frequency segment, so as to select an optimal replacement
set

[0017] In a possible design, the quantity M of to-be-
replaced cache lines 1s determined according to an elimina-
tion ratio R and a total quantity of cache lines in the cache,
and M 1s a product of the elimination ratio R and the total
quantity of cache lines.

[0018] In another possible design, the cache controller
may further periodically monitor an elimination frequency
parameter, and the elimination frequency parameter includes
at least one of a miss rate of each cache line 1n the cache or
a traversal frequency of each cache line in the cache. When
the elimination frequency parameter exceeds a first thresh-
old, the cache controller adjusts the elimination ratio R to an
climination ratio R1, and the elimination ratio R1 is greater
than the elimination ratio R. When the elimination frequency
parameter 1s less than a second threshold, the cache con-
troller adjusts the elimination ratio R to an elimination ratio
R2, the elimination ratio R2 1s less than the elimination ratio
R, and the second threshold herein i1s less than the first
threshold.

[0019] In the embodiments of the present disclosure, the
cache controller dynamically adjusts the elimination ratio R
according to a traversal rate of a cache line and a miss rate
of the cache line, that 1s, a high miss rate, so that when the
cache line has a high miss rate and 1s frequently traversed,
a quantity of to-be-replaced cache lines in the replacement
set 1s icreased by raising the elimination ratio R. Alterna-
tively, the cache controller may reduce the elimination ratio
R when the cache line has a low miss rate and 1s less
traversed, to reduce the quantity of to-be-replaced cache
lines 1n the replacement set, thereby avoiding overheads
caused by Irequently selecting cache lines to generate the
replacement set.

[0020] In a possible design, the selecting, by the cache
controller, a to-be-replaced cache line from a replacement
set 1ncludes: selecting, by the cache controller, a to-be-
replaced cache line 1n ascending order of access frequency
counts of cache lines in the replacement set, to achieve
optimal cache line utilization.

[0021] In another possible design, after obtaining the
replacement set, the cache controller may further monitor an
access Irequency count of a cache line that belongs to the
replacement set, and eliminate, from the replacement set, a
cache line whose access frequency count 1s greater than a
third threshold within a preset time period. In other words,
alter obtaining the replacement set, the cache controller may
continue to monitor a quantity of times that the cache line 1n
the replacement set 1s hit. If an access frequency count of a
cache line in the replacement set 1s greater than the third
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threshold within the preset time period, the cache controller
may consider that the cache line 1s hit by a destination
address 1n a subsequently received operation instruction, and
therefore the cache line does not have to be eliminated. In
this manner, the cache controller can update a cache line in
the replacement set, to prevent some accessed cache lines
from being incorrectly eliminated.

[0022] In a possible design, the cache controller may
obtain the access frequency count of each cache line accord-
ing to an access count of each cache line. Alternatively, the
cache controller may obtain the access frequency count of
cach cache line according to an access count and access time
ol each cache line.

[0023] A second aspect of the present disclosure provides
a cache controller. The cache controller includes a module
configured to execute the method described in the first
aspect and the various possible designs of the first aspect.

[0024] A third aspect of the present disclosure provides a
computer system. The computer system includes a proces-
sor, a cache, and a cache controller. The processor 1s
configured to send an operation instruction. The cache
controller 1s configured to execute the method described 1n
the first aspect and the various possible designs of the first
aspect.

[0025] In the embodiments of the present disclosure, the
cache controller obtains the operation instruction. The
operation instruction carries the destination address, and the
destination address 1s the address that 1s 1n the memory and
that 1s to be accessed 1n the operation nstruction. When the
destination address hits no cache line cache line in the cache
of the computer system, and the cache includes no 1dle cache
line, the cache controller selects the to-be-replaced cache
line from the replacement set. The replacement set includes
at least two cache lines. The cache controller eliminates the
to-be-replaced cache line from the cache; and the cache
controller stores, 1n the cache, the cache line obtained from
the destination address. Therefore, 1n a cache line replace-
ment process, the cache controller only needs to select the
to-be-replaced cache line from the replacement set. The
replacement set 1s pre-selected, and this effectively improves
cache line replacement ethiciency.

[0026] According to a fourth aspect of the present disclo-
sure, this application provides a computer program product,
including a computer readable storage medium that stores
program code. An mstruction included in the program code
1s used to execute at least one method described 1n the first
aspect and the various possible designs of the first aspect.

BRIEF DESCRIPTION OF THE DRAWINGS

[0027] 'To describe the technical solutions 1n the embodi-
ments of the present disclosure more clearly, the following
briefly describes the accompanying drawings required for
describing the embodiments. Apparently, the accompanying
drawings 1n the following description show merely some
embodiments of the present disclosure.

[0028] FIG. 1 1s a framework diagram of a computer
system according to an embodiment of the present disclo-
SUre;

[0029] FIG. 2 15 a schematic diagram of a cache manage-
ment method according to an embodiment of the present
disclosure:

[0030] FIG. 3 i1s another schematic diagram of a cache
management method according to an embodiment of the
present disclosure;
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[0031] FIG. 4 1s a schematic diagram of a cache controller
according to an embodiment of the present disclosure;
[0032] FIG. 5 1s a schematic diagram of a cache controller
according to an embodiment of the present disclosure; and
[0033] FIG. 6 1s a schematic architecture diagram of
another computer system according to an embodiment of the
present disclosure.

DETAILED DESCRIPTION

[0034] FEmbodiments of the present disclosure provide a
cache management method, a cache controller, and a com-
puter system, to eflectively reduce system overheads of
cache line replacement, and improve cache line replacement
ciliciency.

[0035] In the specification, claims, and accompanying
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drawings of the present disclosure, the terms “first”, “sec-
ond”, “third”, “fourth”, and so on (if existent) are intended
to distinguish between similar objects but do not necessarily
indicate order or sequence. It should be understood that the
data termed in such a way are interchangeable 1n proper
circumstances so that the embodiments of the present dis-
closure described herein can be implemented 1n other orders
than the order illustrated or described herein.

[0036] Referring to FIG. 1, FIG. 1 1s an architecture
diagram of a computer system according to an embodiment
of the present disclosure. As shown 1n FIG. 1, a cache 1s a
small-capacity memory between a CPU and a main memory,
and an access speed of the cache 1s quicker than that of the
main memory, and 1s close to that of the CPU. The cache can
provide an instruction and data for the CPU at a high speed,
to 1mprove an execution speed of a program. A cache
technology 1s an important technology for resolving a prob-
lem of a speed mismatch between the CPU and the main
memory.

[0037] A cache 1s a buller memory of a main memory, and
includes a high-speed static random access memory
(SRAM). The cache may be built into a central processing
unit CPU, or may be built into a memory, or the cache may
be an mndependent entity externally existing between a CPU
and a memory. All cache control logic 1s implemented by an
internal cache controller. As semiconductor device integra-
tion constantly improves, currently a multi-level cache sys-
tem with at least two levels of caches already emerges, such
as an L1 cache (level 1 cache), an L2 cache (level 2 cache),
and an L3 cache (level 3 cache).

[0038] Currently, a cache capacity i1s very small, content
stored 1n the cache 1s only a subset of main memory content,
and a data exchange between the CPU and the cache 1s 1n
unit of word, but a data exchange between the cache and the
main memory 1s in unit of cache line. One cache line
includes multiple fixed-length words. When the CPU reads
a word 1n the main memory, a main memory address of the
word 1s sent to the cache and the main memory. In this case,
cache control logic determines, according to the address,
whether the word currently exists in the cache. I the word
currently exists in the cache, the word 1s 1immediately
transmitted from the cache to the CPU, or it the word
currently does not exist in the cache, the word 1s read from
the main memory in a main memory read period to send to
the CPU, and an entire cache line that includes this word 1s
read from the main memory to send to the cache. In addition,
a cache line 1n the cache 1s replaced by using a replacement
policy, and a replacement algorithm 1s implemented by a
cache management logic circuit.
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[0039] In the prior art, during cache line replacement, a
controller traverses all original cache lines to learn a quan-
tity of access requests of each cache line or an access time
interval of each cache line, so as to select a cache line with
a minimum quantity ol access requests or a longest access
time interval, and delete the cache line while putting a new
cache line into a cache. In the prior art, system overheads of
the cache line replacement are relatively large, and efli-
ciency 1s not high.

[0040] An embodiment of the present disclosure provides
a cache management method. In the cache management
method provided 1n this embodiment of the present disclo-
sure, 1n each cache line replacement process, there 1s no need
to traverse all original cache lines, and there 1s no need to
select a to-be-replaced cache line by means of calculation.
This eflectively reduces system overheads, and improves
cache line replacement efliciency. For ease of understanding,
the following describes, 1n detail by using a procedure 1n this
embodiment of the present disclosure, a cache management
method of the computer system shown in FIG. 1. It may be
understood that the cache management method mm FIG. 2
may be applied to the cache shown in FIG. 1. Referring to
FIG. 2, an embodiment of the cache management method 1n
this embodiment of the present disclosure includes the
following steps.

[0041] 201. A cache controller allocates a tag area to each
cache line.
[0042] In this embodiment, the cache controller may allo-

cate a data area and a tag area to each cache line. The data
areca may be used to store actual file data, and the tag area
may be used to store a file number, an oflset, length
information, or data address information that 1s correspond-
ing to the data area. Details are not described herein.
[0043] It should be noted that a storage space size of each
area 1n the data area may be dynamically changed or may be
static. In actual application, the cache controller may record
a valid character length of the data area in the tag area, to
dynamically change a storage space size of the data area.
Details are not described herein.

[0044] In thus embodiment, the cache controller may add
an access count counter and an access time counter for each
tag area. The access count counter may be used to collect
statistics on a quantity of times that a cache line 1s accessed,
and the access time counter may be used to record time at
which the cache line 1s last accessed. The time may be
identified by an absolute time value, or may be i1dentified by
a quantity of time periods. Details are not limited herein.
[0045] It should be noted that the cache controller may
collect statistics on an access count for each cache line, or
may simultaneously collect statistics on the access count and
access time for each cache line. Details are not limited
herein.

[0046] In thus embodiment of the present disclosure, a
cache may be built mto a CPU, or may be built mnto a
memory, or may be an independent entity. The entity may
include a cache controller and a cache line, and composition
of the cache line may 1nclude a static random access memory

(SRAM). Details are not limited herein.

[0047] 202. The cache controller obtains an access ire-
quency count of each cache line.

[0048] In this embodiment, the cache controller may
obtain the access frequency count of each cache line by
detecting the tag area of each cache line. The access fre-
quency count may include at least one of an access count or
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access time. Details are not limited herein. For example, 1n
a case, the access frequency count of each cache line may be
obtained according to an access count of each cache line. In
this case, the access count of a cache line may be used as an
access Irequency count of the cache line. In another case,
alternatively, the access frequency count of each cache line
may be obtained according to an access count and access
time of each cache line. For example, 1n actual application,
an implementation 1n which the cache controller may adjust
the access Irequency count by using the access time may be
as follows: The cache controller maps the access time to a
time slice, where one time slice includes a short time period,
calculates a difference between a current time slice and a
time slice i which last access time of the cache line 1s
located, and adjusts the access frequency count according to
the time slice difference (for example, Access frequency
count=Current access count—Time slice differencexDelta;
the Delta value may be statically set according to an empiri-
cal value).

[0049] It should be noted that the cache controller may
update the access count or the access time of each cache line
alter the cache line i1s accessed. In actual application, an
access time update manner may be recording a current
access time, or may be returning the access time counter to
zero and restarting counting. Details are not limited herein.

[0050] 203. The cache controller determines an access
frequency segment.

[0051] In this embodiment, the cache controller may
determine multiple access frequency segments according to
the access frequency count of each cache line in the cache
and a preset division policy, and each access Irequency
segment may be corresponding to a different access ire-
quency count range.

[0052] In this embodiment, the preset division policy may
be as follows: The cache controller first determines a param-
cter upper limit value and a parameter lower limit value
based on the access frequency count of each cache line. The
parameter lower limit value may be 0, and the parameter
upper limit value may be access_times_max. It should be
noted that, 1n actual application, access_times_max_may be
a value preset by a user according to experience, or may be
obtained by the cache controller by collecting statistics on
the access frequency count of each cache line. Details are
not limited herein.

[0053] It should be noted that, 1n this embodiment, 1f an
access Irequency count of a cache line 1s greater than
access_times_max, the cache controller may determine that
the cache line does not need to be replaced.

[0054] According to the preset division policy in this
embodiment, the cache controller may divide a range from
the parameter lower limit value 0 to the parameter upper
limit value access_times_max mto N access frequency seg-
ments after determining the parameter upper limit value and
the parameter lower limit value. The value N may be a value
entered by the user 1n advance. It may be understood that, 1n
actual application, a size of each access frequency segment
may be a fixed value access_times_max/N, or may be a
random value. The random value may be a value randomly
generated by the cache controller, or may be a value entered
by the user 1n advance. Details are not limited herein.

[0055] It should be noted that, in actual application, a sum
of sizes of all access frequency segments 1s equal to access_
times max.
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[0056] In thus embodiment, the cache controller may fur-
ther establish a data structure. The data structure 1s used to
record a quantity of cache lines, 1n each access frequency
segment, whose access Irequency count belongs to the
access frequency segment, or may establish a corresponding
data structure for each access frequency segment. Details are
not limited herein.

[0057] 204. The cache controller determines an access
frequency segment to which each cache line belongs.

[0058] In this embodiment, the cache controller may
determine, by traversing cache lines, a target access Ire-
quency count range to which the access frequency count of
cach cache line belongs, and determine a target access
frequency segment corresponding to the target access Ire-
quency count range to which each cache line belongs. It
should be noted that the cache controller may record, by
using the data structure, a quantity of cache lines included in
cach access frequency segment, to collect statistics on the
quantity of cache lines 1n the access frequency segment.

[0059] In should be noted that, in actual application, each
time determining that one cache line belongs to one access
frequency segment, the cache controller may correspond-
ingly adjust a data structure corresponding to the access
frequency segment. It may be understood that, 1n the actual
application, each time determining that one cache line
belongs to one access frequency segment, the cache con-
troller may 1ncrease a quantity recorded by the data structure
corresponding to the access frequency segment by a value 1.

[0060] 205. The cache controller determines a quantity M
of to-be-replaced cache lines.

[0061] In this embodiment, the cache controller may pre-
select M to-be-replaced cache lines according to an elimi-
nation ratio R. The to-be-replaced cache lines may be cache
lines with a small access frequency count, and the quantity
M of to-be-replaced cache lines may be a product of the
climination ratio R and a total quantity of cache lines, and
M 1s an integer not less than 2. It should be noted that, 1n
actual application, the elimination ratio R may be a fixed
value, or may be dynamically adjusted by the cache con-
troller. Details are not limited herein.

[0062] In this embodiment, the cache controller may
determine, by monitoring an elimination frequency param-
cter 1n real time, whether the elimination frequency param-
eter exceeds a first threshold; and if the elimination fre-
quency parameter exceeds the first threshold, the cache
controller may adjust the elimination ratio R to an elimina-
tion ratio R1, or 1f the elimination frequency parameter does
not exceed the first threshold, the cache controller may
turther determine whether the elimination frequency param-
eter 1s less than a second threshold. If the elimination
frequency parameter 1s less than the second threshold, the
cache controller may adjust the elimination ratio R to an
climination ratio R2. It should be noted that 11 the elimina-
tion frequency parameter 1s not less than the second thresh-
old, the cache controller may continue to monitor the
climination frequency parameter. The first threshold and the
second threshold may be values preset by a user, and the first

threshold 1s less than the second threshold.

[0063] It should be noted that, 1n actual application, the
cache controller may increase the elimination ratio R by A
to obtain the elimination ratio R1, or may decrease the
climination ratio R by A to obtain the elimination ratio R2.
The value A may be a value preset by a user.
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[0064] In this embodiment, the elimination Irequency
parameter may include at least one of a miss rate of each
cache line 1n the cache or a traversal frequency of each cache
line in the cache, and the cache controller may return to
continue to monitor the elimination frequency parameter
cach time after adjusting the elimination ratio R.

[0065] 206. The cache controller determines a replace-
ment set.
[0066] In this embodiment, the cache controller may suc-

cessively accumulate a cache line 1n each access frequency
segment 1to the replacement set in ascending order of
values corresponding to an access Irequency count range
until a quantity of cache lines in the replacement set 1s equal
to M. It may be understood that, 1n actual application, the
accumulating, by the cache controller, a cache line 1n each
access frequency segment may include the following steps:
[0067] 1. The cache controller may determine an access
frequency segment whose value corresponding to an access
frequency count range 1s lowest 1n an access Irequency
segment group as an accumulative access frequency seg-
ment, and the access frequency segment group includes each
access Irequency segment.

[0068] 2. The cache controller may remove the accumu-
lative access frequency segment from the access frequency
segment group.

[0069] 3. The cache controller may accumulate a cache
line 1n the accumulative access frequency segment into the
replacement set.

[0070] 4. The cache controller may determine whether a
quantity of candidate cache lines 1n the replacement set 1s
equal to M; and 11 the quantity of candidate cache lines 1n the
replacement set 1s equal to M, the cache controller may end
a procedure, or if the quantity of candidate cache lines 1n the
replacement set 1s less than M, the cache controller may
determine whether a next access frequency segment to be
accumulated into the replacement set 1s a critical access
frequency segment. If the next access frequency segment to
be accumulated into the replacement set 1s not a critical
access Irequency segment, the cache controller may repeat-
edly perform steps 1 to 4; or if the next access frequency
segment to be accumulated into the replacement set 1s a
critical access Irequency segment, the cache controller may
randomly select, from the critical access frequency segment,
X cache lines to accumulate mnto the replacement set. X may
be a difference between M and a quantity of cache lines that
have been accumulated into the replacement set. It should be
noted that the critical access frequency segment 1s such an
access Irequency segment that before an included cache line
of the access frequency segment 1s accumulated into the
replacement set, the quantity of candidate cache lines 1n the
replacement set 1s less than M and after the included cache
line of the access frequency segment 1s accumulated into the
replacement set, the quantity of candidate cache lines 1n the
replacement set 1s greater than M.

[0071] It should be noted that 11 an accumulative value 1n
a current replacement set does not exceed M, the cache
controller may continue to traverse access Irequency seg-
ments until the accumulative value 1s greater than or equal

to M.

[0072] It should be noted that, 1n actual application, the
cache controller may first accumulate each access frequency
segment 1nto a set of to-be-eliminated range segments, and
then may select, by traversing cache lines, a cache line that
belongs to a to-be-eliminated access frequency segment.
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The cache controller may determine the replacement set by
using the selected cache line as a cache line in the replace-
ment set.

[0073] 207. The cache controller obtains an operation
mstruction.
[0074] The cache controller may receive an operation

instruction sent by a CPU. The operation instruction may
carry a destination address, and the destination address may
be an address that 1s 1n a memory and that 1s to be accessed
in the operation 1nstruction.

[0075] 208. The cache controller determines whether a
destination address hits a cache line 1n a cache; and 1f the
destination address hits a cache line in the cache, the cache
controller performs step 209, or if the destination address
hits no cache line 1n the cache, the cache controller performs
step 210.

[0076] When the CPU reads a word 1in a main memory, a
main memory address of the word may be sent to the cache
and the main memory. In this case, the cache controller may
determine, according to the address, whether the word
currently exists 1n the cache. It should be noted that, 1n actual
application, the cache controller may {first match a cache line
outside the replacement set, or may first match a cache line
in the replacement set. Details are not limited herein.

[0077] 209. The cache controller updates an access 1re-
quency count.
[0078] In this embodiment, the cache controller may

update an access frequency count of the cache line after the
destination address hits a cache line 1n the cache. An update
manner may be increasing a value of a counter for a tag area
of the cache line.

[0079] In actual application, the cache controller may
further monitor an access frequency count of a cache line 1n
the replacement set 1n real time, and may eliminate, from the
replacement set, a cache line whose access frequency count
1s greater than a third threshold within a preset time period.
For example, the third threshold may be 1. In other words,
alter obtaining the replacement set, the cache controller may
continue to momitor a quantity of times that the cache line 1n
the replacement set 1s hit. If an access frequency count of a
cache line 1n the replacement set 1s greater than the third
threshold within a preset time period, the cache controller
may consider that the cache line 1s hit by a destination
address 1n a subsequently received operation instruction and
may further be accessed, and therefore the cache line does
not have to be eliminated. In this manner, the cache con-
troller can update a cache line in the replacement set, to
prevent some accessed cache lines from being incorrectly
climinated.

[0080] It should be noted that the cache controller com-
pletes the step procedure after updating the access frequency
count of the cache line.

[0081] 210. The cache controller stores, in the cache, a
cache line obtained tfrom the destination address.

[0082] In this embodiment, the cache controller may
obtain the destination address from a storage medium after
the destination address hits no cache line 1n the cache, and
may write the cache line obtaimned from the destination
address to replace a to-be-replaced cache line selected from
the replacement set. It should be noted that, in actual
application, the cache controller may first select, 1n ascend-
ing order of values corresponding to access Irequency
counts, a cache line with a small access frequency count
from the replacement set as the to-be-replaced cache line.
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[0083] It should be noted that the cache controller com-
pletes the step procedure after writing the destination
address to replace the to-be-replaced cache line in the
replacement set.

[0084] In a scenario of this embodiment of the present
disclosure, the cache includes 10 cache lines, and the cache
controller may obtain the access frequency count of each
cache line. For details, refer to Table 1.

TABLE 1
Cache line
Al A2 A3 A4 A5 Bl B2 B3 B4 BS
Access 1 S 10 12 15 20 20 25 30 35
frequency
count
[0085] The cache controller may determine a replacement

set according to the access frequency count of each cache
line 1n Table 1, and a process thereof 1s as follows:

[0086] The cache controller determines that a lower limit
value of the access frequency count 1s O and an upper limit
value of the access frequency count 1s 30, and the cache
controller determines that a cache line whose access Ire-

quency count 1s greater than the parameter upper limit 30
does not need to be eliminated.

[0087] The cache controller may uniformly divide access
frequency counts 0 to 30 into three access frequency seg-
ments (that 1s, a range segment #1 1s 0 to 10, a range segment
#2 1s 11 to 20, and a range segment #3 1s 21 to 30).

[0088] The cache controller may obtain a quantity of
cache lines 1n each access frequency segment by traversing
cache lines. For details, refer to Table 2.

TABLE 2

Range segment

Range Range

segment #1 Range segment #2 segment #3
Access 0 to 10 11 to 20 21 to 30
frequency
count
Quantity of 3 4 2
cache lines
Cache line Al, A2, and A3 A4, A5, Bl, and B2 B3 and B4
[0089] When the cache controller determines that the

climination ratio R 1s 50%, the cache controller may leamn,
by means of calculation, that the quantity M of to-be-
replaced cache lines 1s 5 (M=Total quantity of cache linesx
Elimination ratio R=10x50%=35). The cache controller may
determine that cache lines Al, A2, and A3 in the range
segment #1 may be to-be-replaced cache lines, and the cache
controller may determine that the range segment #2 1s a
critical access frequency segment. A quantity of cache lines
that need to be eliminated in the critical access frequency
segment, that 1s, the range segment #2, 1s 2 (M—-Quantity of
cache lines 1n the range segment #1=5-3=2).

[0090] Referring to Table 1 and Table 2, the cache con-
troller may accumulate, 1n ascending order of values corre-
sponding to an access Irequency count range, to-be-elimi-
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nated cache lines as a replacement set, that 1s, successively
select the cache lines Al, A2, A3, A4, and A5 as the
replacement set.

[0091] When the destination address hits no cache line 1n
the cache, the cache controller may first select the to-be-
replaced cache line Al with a smallest access frequency
count from the replacement set, and write the destination
address read from the storage medium to replace the to-be-
replaced cache line Al.

[0092] In this embodiment of the present disclosure, the
cache controller obtains the operation instruction. The
operation istruction carries the destination address, and the
destination address 1s the address that 1s 1n the memory and
that 1s to be accessed in the operation instruction. If the
destination address hits no cache line cache line 1n the cache,
and the cache includes no i1dle cache line, the cache con-
troller selects the to-be-replaced cache line from the replace-
ment set. The replacement set includes at least two cache
lines. The cache controller eliminates the to-be-replaced
cache line from the cache; and the cache controller stores, in
the cache, the cache line obtained from the memory accord-
ing to the destination address. Therefore, 1n a cache line
replacement process, the cache controller only needs to
select the to-be-replaced cache line from the replacement
set. The replacement set 1s pre-selected, and this effectively
improves cache line replacement efliciency.

[0093] Daflerent from the embodiment shown 1n FIG. 2, 1n
an optional solution in an embodiment of the present dis-
closure, 1instead of obtaining the access frequency segments
by means of division, the cache controller may directly
determine the replacement set by using the access frequency
count of each cache line.

[0094] Referring to FIG. 3, another embodiment of a
cache management method 1n this embodiment of the pres-
ent disclosure includes the following steps.

[0095] Steps 301 and 302 1n this embodiment are the same
as steps 201 and 202 in the embodiment shown 1n FIG. 2,
and details are not described herein.

[0096] Step 303 in this embodiment 1s the same as step
205 1n the embodiment shown in FIG. 2, and details are not
described herein again.

[0097] 304. The cache controller determines a replace-
ment set.
[0098] In this embodiment, the cache controller may suc-

cessively accumulate each cache line into the replacement
set 1n ascending order of values corresponding to an access
frequency count range until a quantity of to-be-replaced
cache lines 1n the replacement set 1s equal to M, and the
cache line accumulated mto the replacement set 1s a to-be-
replaced cache line.

[0099] Steps 305 to 308 1n this embodiment are the same
as steps 207 to 210 1n the embodiment shown 1n FIG. 2, and
details are not described herein again.

[0100] The foregoing describes the cache management
method 1n this embodiment of the present disclosure, and the
tollowing describes a cache controller 1n an embodiment of
the present disclosure. FIG. 4 describes an apparatus
embodiment corresponding to the method embodiment 1n
FIG. 2. Referring to FIG. 4, an embodiment of the cache
controller 1n thus embodiment of the present disclosure
includes:

[0101] an obtaining module 401, configured to obtain an
operation 1mstruction, where the operation instruction carries
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a destination address, and the destination address 1s an
address that 1s to be accessed 1n the operation instruction;

[0102] a first selection module 402, configured to: when
the destination address hits no cache line cache line 1 a
cache of a computer system, and the cache includes no 1dle
cache line, select a to-be-replaced cache line from a replace-
ment set, where the replacement set includes at least two
cache lines;

[0103] an elimination module 403, configured to eliminate
the to-be-replaced cache line from the cache; and

[0104] a storage module 404, configured to store, in the
cache, a cache line obtained from the destination address.

[0105] The cache controller 1n this embodiment further
includes:
[0106] a first determining module 405, configured to

determine multiple access frequency segments according to
an access frequency count of each cache line in the cache
and a preset division policy, where each access frequency
segment 1s corresponding to a different access frequency
count range;

[0107] a second determining module 406, configured to
determine, according to the access frequency count of each
cache line 1n the cache, an access Irequency segment to
which each cache line belongs; and

[0108] a second selection module 407, configured to
select, from cache lines corresponding to the multiple access
frequency segments, a to-be-replaced cache line according
to a quantity M of to-be-replaced cache lines, to obtain the
replacement set, where M 1s an integer not less than 2.

[0109] In this embodiment, the second selection module
407 1s configured to successively select, 1n ascending order
of access Ifrequency count ranges corresponding to the
multiple access Irequency segments, a cache line that
belongs to each access frequency segment until a quantity of
selected cache lines 1s equal to M.

[0110] The cache controller 1n thus embodiment further
includes:
[0111] a third determining module 408, configured to

determine the quantity M of to-be-replaced cache lines
according to an elimination ratio R and a total quantity of
cache lines in the cache, where M 1s a product of the
climination ratio R and the total quantity of cache lines.

[0112] The cache controller 1n this embodiment may fur-
ther include:
[0113] a monitoring module 409, configured to monitor an

climination frequency parameter, where the elimination fre-
quency parameter includes at least one of a miss rate of each
cache line 1n the cache or a traversal frequency of each cache
line 1n the cache; and

[0114] an adjustment module 410, configured to: when the
climination frequency parameter exceeds a first threshold,
adjust the elimination ratio R to an elimination ratio R1,
where the elimination ratio R1 is greater than the elimination
ratio R.

[0115] The adjustment module 410 1s further configured
to: when the elimination frequency parameter 1s less than a
second threshold, adjust the elimination ratio R to an elimi-
nation ratio R2, where the elimination ratio R2 is less than
the elimination ratio R, and the second threshold is less than

the first threshold.

[0116] The momitoring module 409 1s configured to moni-
tor an access frequency count of a cache line that belongs to
the replacement set.
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[0117] The elimination module 403 1s configured to elimi-
nate, from the replacement set, a cache line whose access
frequency count 1s greater than a third threshold within a
preset time period.

[0118] In this embodiment, the obtaining module 401
obtains the operation instruction. The operation 1nstruction
carries the destination address, and the destination address 1s
the address that 1s to be accessed 1n the operation instruction.
When the destination address hits no cache line cache line 1n
the cache of the computer system, and the cache includes no
idle cache line, the first selection module 402 selects the
to-be-replaced cache line from the replacement set. The
replacement set includes at least two cache lines. The
climination module 403 eliminates the to-be-replaced cache
line from the cache. The storage module 404 stores, in the
cache, the cache line obtained from the destination address.
Therefore, 1n a cache line replacement process, the first
selection module 402 only needs to select the to-be-replaced
cache line from the replacement set. The replacement set 1s
pre-selected, and this eflectively improves cache line
replacement efliciency.

[0119] The foregoing describes the apparatus embodiment
corresponding to the method embodiment 1n FIG. 2, and the
following describes an apparatus embodiment correspond-
ing to the method embodiment shown 1n FIG. 3. Referring
to FIG. 5, another embodiment of a cache controller in this
embodiment of the present disclosure includes:

[0120] an obtaining module 501, configured to obtain an
operation 1mstruction, where the operation instruction carries
a destination address, and the destination address 1S an
address that 1s to be accessed 1n the operation 1nstruction;

[0121] a first selection module 502, configured to: when
the destination address hits no cache line cache line 1 a
cache of a computer system, and the cache includes no 1dle
cache line, select a to-be-replaced cache line from a replace-
ment set, where the replacement set includes at least two
cache lines;

[0122] an elimination module 503, configured to eliminate
the to-be-replaced cache line from the cache; and

[0123] a storage module 504, configured to store, 1n the
cache, a cache line obtained from the destination address.

[0124] The cache controller 1n this embodiment further
includes:
[0125] a second selection module 305, configured to

select, from cache lines 1n the cache, a to-be-replaced cache
line according to a quantity M of to-be-replaced cache lines,
to obtain the replacement set, where M 1s an mteger not less
than 2.

[0126] The second selection module 5035 1n this embodi-
ment 1s configured to successively select a cache line n
ascending order of access frequency count ranges corre-
sponding to cache lines until a quantity of selected cache
lines 1s equal to M.

[0127] The cache controller in this embodiment further
includes:
[0128] a determining module 506, configured to determine

the quantity M of to-be-replaced cache lines according to an
climination ratio R and a total quantity of cache lines 1n the
cache, where M 1s a product of the elimination ratio R and
the total quantity of cache lines.

[0129] The cache controller 1n this embodiment may fur-
ther include:
[0130] a monitoring module 507, configured to monitor an

climination frequency parameter, where the elimination fre-
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quency parameter includes at least one of a miss rate of each
cache line 1 the cache or a traversal frequency of each cache
line 1n the cache; and

[0131] an adjustment module 508, configured to: when the
climination frequency parameter exceeds a first threshold,
adjust the elimination ratio R to an elimination ratio R1,
where the elimination ratio R1 1s greater than the elimination
ratio R.

[0132] The adjustment module 308 1s further configured
to: when the elimination frequency parameter 1s less than a
second threshold, adjust the elimination ratio R to an elimi-
nation ratio R2, where the elimination ratio R2 1s less than
the elimination ratio R, and the second threshold is less than
the first threshold.

[0133] The cache controller 1n this embodiment further
includes:

[0134] The monitoring module 507 1s configured to moni-
tor an access frequency count of a cache line that belongs to
the replacement set.

[0135] The elimination module 503 is configured to elimi-
nate, from the replacement set, a cache line whose access
frequency count 1s greater than a third threshold within a
preset time period.

[0136] In this embodiment, the obtaining module 501
obtains the operation instruction. The operation 1nstruction
carries the destination address, and the destination address 1s
the address that 1s to be accessed 1n the operation mstruction.
When the destination address hits no cache line cache line 1n
the cache of the computer system, and the cache 1includes no
idle cache line, the first selection module 502 selects the
to-be-replaced cache line from the replacement set. The
replacement set includes at least two cache lines. The
climination module 503 eliminates the to-be-replaced cache
line from the cache. The storage module 504 stores, 1n the
cache, the cache line obtained from the destination address.
Therefore, 1n a cache line replacement process, the selection
module 502 only needs to select the to-be-replaced cache
line from the replacement set. The replacement set 1s pre-
selected, and this effectively improves cache line replace-
ment ethiciency.

[0137] The foregoing describes the cache controller 1n this
embodiment of the present disclosure from a perspective of
a modular function entity, and the following describes a
computer system in an embodiment of the present disclo-
sure. Referring to FIG. 6, an embodiment of the computer
system 1n this embodiment of the present disclosure includes
a processor 601, a cache 602, a cache controller 603, and a
memory 604. The cache 602 1s configured to cache some
data in the memory 604.

[0138] In some embodiments of the present disclosure, the
processor 601 1s configured to send an operation instruction;
and

[0139] the cache controller 603 1s configured to:

[0140] obtain the operation instruction, where the opera-
tion 1nstruction carries a destination address, and the desti-
nation address 1s an address that 1s to be accessed 1n the
operation instruction;

[0141] when the destination address hits no cache line
cache line 1n the cache 602 of the computer system, and the
cache includes no idle cache line, select a to-be-replaced
cache line from a replacement set, where the replacement set
includes at least two cache lines:

[0142] eliminate the to-be-replaced cache line from the
cache; and
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[0143] store, 1n the cache 602, a cache line obtamed from
the destination address.

[0144] Insome embodiments of the present disclosure, the
cache controller 603 1s further configured to perform the
following steps:

[0145] determining multiple access frequency segments
according to an access frequency count of each cache line 1n
the cache and a preset division policy, where each access
frequency segment 1s corresponding to a different access
frequency count range;

[0146] determining, according to the access Irequency
count of each cache line 1n the cache, an access frequency
segment to which each cache line belongs; and

[0147] selecting, from cache lines corresponding to the
multiple access frequency segments, a to-be-replaced cache
line according to a quantity M of to-be-replaced cache lines,
to obtain the replacement set, where M 1s an integer not less
than 2.

[0148] Insome embodiments of the present disclosure, the
cache controller 603 1s further configured to perform the
following step:

[0149] successively selecting, 1n ascending order of access
frequency count ranges corresponding to the multiple access
frequency segments, a cache line that belongs to each access
frequency segment until a quantity of selected cache lines 1s
equal to M.

[0150] Insome embodiments of the present disclosure, the
cache controller 603 1s further configured to perform the
following steps:

[0151] monitoring an elimination frequency parameter,
where the elimination frequency parameter includes at least
one of a miss rate of each cache line 1n the cache or a
traversal frequency of each cache line i the cache; and

[0152] when the elimination frequency parameter exceeds
a first threshold, adjusting an elimination ratio R to an
elimination ratio R1, where the elimination ratio R1 1s
greater than the elimination ratio R; or when the elimination
frequency parameter 1s less than a second threshold, adjust-
ing an elimination ratio R to an elimination ratio R2, where
the elimination ratio R2 1s less than the elimination ratio R,
and the second threshold is less than a first threshold.
[0153] Insome embodiments of the present disclosure, the
cache controller 603 1s further configured to perform the
following steps:

[0154] monitoring an access Irequency count of a cache
line that belongs to the replacement set; and

[0155] eliminating, from the replacement set, a cache line
whose access frequency count 1s greater than a third thresh-
old within a preset time period.

[0156] It may be clearly understood by a person skilled 1n
the art that, for the purpose of convenient and brief descrip-
tion, for a detailed working process of the foregoing system,
apparatus, and unit, reference may be made to a correspond-
ing process 1n the foregoing method embodiments, and
details are not described herein again.

[0157] An embodiment of the present disclosure further
provides a computer program product for implementing an
access request processing method, including a computer
readable storage medium that stores program code, where an
instruction included 1n the program code 1s used to execute
the method procedure described 1n any one of the foregoing
method embodiments. An ordinary person skilled in the art
may understand that the foregoing storage medium may
include any non-transitory machine-readable medium
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capable of storing program code, such as a USB flash drive,
a removable hard disk, a magnetic disk, an optical disc, a
random-access memory (RAM), a solid state disk (SSD), or
another non-volatile memory.

[0158] It should be noted that the embodiments provided
in this application are merely examples. A person skilled 1n
the art may clearly know that, for convenience and concise-
ness ol description, in the foregoing embodiments, the
embodiments emphasize different aspects, and for a part not
described 1n detail 1n one embodiment, reference may be
made to relevant description of another embodiment. The
embodiments of the present disclosure, claims, and features
disclosed 1n the accompanying drawings may exist indepen-
dently, or exist in a combination. Features described in a
hardware form in the embodiments of the present disclosure
may be executed by software, and vice versa. This 1s not
limited herein.

What 1s claimed 1s:

1. A cache management method applied to a computer
system, the method comprising:

obtaining, by a cache controller, an operation instruction

that carries a destination address, wherein the destina-
tion address 1s an address to be accessed 1n the opera-
tion 1nstruction;

determining, by the cache controller, the destination

address hits no cache line 1n a cache of the computer
system, and wherein the cache comprises no idle cache
line:

selecting, by the cache controller, a to-be-replaced cache

line from a replacement set, wherein the replacement
set comprises at least two cache lines;

climinating, by the cache controller, the to-be-replaced

cache line from the cache; and

storing, by the cache controller 1n the cache, a cache line

obtained according to the destination address.

2. The cache management method according to claim 1,
turther comprising:

determining, by the cache controller, multiple access

frequency segments according to an access Irequency
count of each cache line in the cache and a preset
division policy, wherein each access Irequency seg-
ment 1s corresponding to a different access frequency
count range;

determining, by the cache controller according to the

access frequency count of each cache line 1n the cache,
an access Irequency segment to which each cache line
belongs; and

selecting, by the cache controller from cache lines corre-

sponding to the multiple access frequency segments, a
to-be-replaced cache line according to a quantity M of
to-be-replaced cache lines, to obtain the replacement
set, wherein M 1s an integer not less than 2.

3. The cache management method according to claim 2,
wherein selecting, by the cache controller from cache lines
corresponding to the multiple access frequency segments, a
to-be-replaced cache line according to a quantity M of
to-be-replaced cache lines comprises:

successively selecting, by the cache controller 1n ascend-

ing order of access frequency count ranges correspond-
ing to the multiple access frequency segments, a cache
line that belongs to each access frequency segment
until a quantity of selected cache lines 1s equal to M.

4. The cache management method according to claim 3,

wherein:
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the quantity M of to-be-replaced cache lines 1s determined
according to an elimination ratio R and a total quantity
of cache lines 1n the cache, wherein M 1s a product of
the elimination ratio R and the total quantity of cache
lines; and

the method further comprises:

monitoring, by the cache controller, an elimination
frequency parameter, wherein the elimination fre-
quency parameter comprises at least one of a miss
rate of each cache line 1n the cache or a traversal
frequency of each cache line 1n the cache,

determining, by the cache controller, the elimination
frequency parameter exceeds a first threshold, and

adjusting, by the cache controller, the elimination ratio
R to an elimination ratio R1, wherein the elimination
ratio R1 1s greater than the elimination ratio R.

5. The cache management method according to claim 3,
wherein:

the quantity M of to-be-replaced cache lines 1s determined

according to an elimination ratio R and a total quantity
of cache lines 1n the cache, wherein M 1s a product of
the elimination ratio R and the total quantity of cache
lines; and

the method further comprises:

monitoring, by the cache controller, an elimination
frequency parameter, wherein the elimination fre-
quency parameter comprises at least one of a miss
rate of each cache line in the cache or a traversal
frequency of each cache line 1n the cache,

determining, by the cache controller, the elimination
frequency parameter 1s less than a second threshold,
and

adjusting, by the cache controller, the elimination ratio
R to an elimination ratio R2, wherein the elimination
ratio R2 1s less than the elimination ratio R.

6. The cache management method according to claim 3,
wherein the access frequency count of each cache line 1s
obtained according to an access count of each cache line.

7. The cache management method according to claim 3,
wherein the access frequency count of each cache line 1s
obtained according to an access count and access time of
cach cache line.

8. The method according to claim 4, further comprising:

monitoring, by the cache controller, an access frequency

count of a cache line that belongs to the replacement
set; and

climinating, by the cache controller from the replacement

set, a cache line whose access Irequency count 1s
greater than a third threshold within a preset time
period.

9. A computer system, comprising:

a cache;

a processor configured to send an operation instruction;

and

a cache controller configured to:

obtain the operation instruction that carries a destina-
tion address, wherein the destination address 1s an
address to be accessed 1n the operation instruction,

determine the destination address hits no cache line 1n
the cache of the computer system, and the cache
comprises no 1dle cache line,

select a to-be-replaced cache line from a replacement
set, wherein the replacement set comprises at least
two cache lines,
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climinate the to-be-replaced cache line from the cache,
and
store, 1n the cache, a cache line obtained from the
destination address.
10. The computer system according to claim 9, wherein
the cache controller 1s further configured to:
determine multiple access frequency segments according,
to an access frequency count of each cache line 1n the
cache and a preset division policy, wherein each access
frequency segment 1s corresponding to a different
access Irequency count range;
determine, according to the access frequency count of
cach cache line in the cache, an access Irequency
segment to which each cache line belongs; and
select, from cache lines corresponding to the multiple
access frequency segments, a to-be-replaced cache line
according to a quantity M of to-be-replaced cache lines,
to obtain the replacement set, wherein M 1s an integer
not less than 2.
11. The computer system according to claim 10, wherein
the cache controller 1s further configured to:
successively select, 1n ascending order of access ire-
quency count ranges corresponding to the multiple
access frequency segments, a cache line that belongs to
cach access Irequency segment until a quantity of
selected cache lines 1s equal to M.
12. The computer system according to claim 11, wherein
the cache controller 1s further configured to:
monitor an elimination frequency parameter, wherein the
climination frequency parameter comprises at least one
of a miss rate of each cache line 1n the cache or a
traversal frequency of each cache line 1n the cache;
determine the elimination frequency parameter exceeds a
first threshold; and
adjust an elimination ratio R to an elimination ratio R1,
wherein the elimination ratio R1 1s greater than the
climination ratio R.
13. The computer system according to claim 11, wherein
the cache controller 1s further configured to:
monitor an elimination frequency parameter, wherein the
climination frequency parameter comprises at least one
of a miss rate of each cache line i1n the cache or a
traversal frequency of each cache line in the cache;
determine the elimination frequency parameter 1s less
than a second threshold; and
adjust the elimination ratio R to an elimination ratio R2,
wherein the elimination ratio R2 1s less than the elimi-
nation ratio R.
14. The computer system according to claim 11, wherein
the cache controller 1s further configured to:
monitor an access frequency count of a cache line that
belongs to the replacement set; and
climinate, from the replacement set, a cache line whose
access frequency count 1s greater than a third threshold
within a preset time period.
15. The computer system according to claim 10, wherein
the cache controller 1s further configured to:
obtain the access frequency count of each cache line
according to an access count of each cache line.
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16. The computer system according to claim 10, wherein
the cache controller 1s further configured to:
obtain the access frequency count of each cache line
according to an access count and access time of each
cache line.

17. A cache controller, comprising:
a processor; and
a memory comprising a plurality of computer-executable
istructions stored thereon which, when executed by
the processor, cause the cache controller to:
obtain an operation instruction that carries a destination
address, and wherein the destination address 1s an
address to be accessed 1n the operation nstruction,
determine the destination address hits no cache line 1n
a cache, and the cache comprises no idle cache line,
select a to-be-replaced cache line from a replacement
set, wherein the replacement set comprises at least
two cache lines,
climinate the to-be-replaced cache line from the cache,
and
store, 1n the cache, a cache line obtained from the
destination address.
18. The cache controller according to claim 17, wherein
the computer-executable instructions when executed by the
processor, further cause the cache controller to:
determine multiple access frequency segments according
to an access frequency count of each cache line in the
cache and a preset division policy, wherein each access
frequency segment 1s corresponding to a different
access Irequency count range;
determine, according to the access frequency count of
cach cache line in the cache, an access frequency
segment to which each cache line belongs; and

select, from cache lines corresponding to the multiple
access frequency segments, a to-be-replaced cache line
according to a quantity M of to-be-replaced cache lines,
to obtain the replacement set, wherein M 1s an integer
not less than 2.

19. The cache controller according to claim 18, wherein
the computer-executable instructions when executed by the
processor, further cause the cache controller to:

successively select, 1n ascending order of access ire-

quency count ranges corresponding to the multiple
access frequency segments, a cache line that belongs to
cach access frequency segment until a quantity of
selected cache lines 1s equal to M.

20. The cache controller according to claim 19, wherein
the computer-executable instructions when executed by the
processor, further cause the cache controller to:

monitor an elimination frequency parameter, wherein the

climination frequency parameter comprises at least one
of a miss rate of each cache line 1n the cache or a
traversal frequency of each cache line in the cache;

determine the elimination frequency parameter exceeds a

first threshold; and

adjust an elimination ratio R to an elimination ratio R1,

wherein the elimination ratio R1 i1s greater than the
climination ratio R.
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